ABSTRACT We have studied somatic cell hybrids between P3x63Ag8 mouse myeloma cells deficient in hypoxanthine phosphoribosyltransferase (EC 2.4.2.8) and either human peripheral lymphocytes or human lymphoblastoid or myeloma cells for the production of human immunoglobulin chains and for the expression of enzyme markers assigned to each of the different human chromosomes. Human chromosome 14 was the only human chromosome present in all independent hybrids producing j, 'y, and a human heavy chains. In two of the independent hybrids that produced human heavy chains, human chromosome 14 was the only human chromosome present in the hybrid cells. Loss of human chromosome 14 from these hybrids resulted in the concomitant loss of their ability to produce human immunoglobulin heavy chains. In view of these results, we conclude that the genes for human immunoglobulin heavy chains are located on human chromosome 14 in immunoglobulin-producinghuman cells.
Somatic cell hybrids between mouse and human cells have been extensively used to map human genes to their specific chromosomes (1) (2) (3) . At present at least one gene has been assigned to each of the different human chromosomes (4) . Recently Smith and Hirschhorn (5) have studied somatic cell hybrids between mouse RAG cells and human lymphoblastoid cells for the expression of human immunoglobulin and have concluded that the genes for human immunoglobulin heavy chains are located on human chromosome 6, probably on the region 6 pter q16. These results were, however, rather surprising because it had been demonstrated that hybrids between fibroblasts and myeloma cells do not secrete detectable amounts of immunoglobulin (6) . On the other hand, hybrids between different immunoglobulin-producing cells were found to produce antibody chains specific for both parents (7) (8) (9) (10) .
In this study we have produced somatic cell hybrids between P3x63Ag8 mouse myeloma cells producing IgGi immunoglobulins (MOPC21) and deficient in hypoxanthine phosphoribosyltransferase (7, 9) and human lymphocytes obtained from the blood of different donors or from established cell lines (see Table 1 ). We have investigated expression of human immunoglobulin chains in these hybrids in order to establish which human chromosome(s) is necessary for the production of human immunoglobulins.
MATERIALS AND METHODS
Cell Hybridization. Hypoxanthine phosphoribosyltransferase-deficient P3x63Ag8 mouse myeloma cells were fused with either human peripheral lymphocytes or GM607 or GM1056 human lymphoblastoid cells or GM1500 human myeloma cells (Table 1) in the presence of polyethylene glycol 1000 (11), according to established procedures (9) . Fused cultures were seeded in 24-well Linbro plates in the presence of selective medium. Hybrids between P3x63Ag8 cells and human lymphocytes were selected in hypoxanthine/aminopterin/ thymidine (HAT) medium (12) . Hybrids between P3x63Ag8 mouse cells and either human lymphoblastoid or myeloma cells were selected in HAT medium containing 0.1 mM ouabain (13 24 hr and the culture fluid was tested for the presence of human immunoglobulin chains by using rabbit antisera specific for human IgM, IgG, and IgA and human K, X, a, g, and y chains. As shown in Figs. 1-3 , hybrid clones that produced the different human immunoglobulin chains were obtained. Hybrids between P3x63Ag8 mouse cells and peripheral human lymphocytes were found to produce predominantly human ,u heavy chain (Fig. 1) . Hybrids between P3x63Ag8 mouse cells and GM607, GM1056, and GM1500 human cells were found to produce human ,t, a, and oy heavy chains, respectively (Figs. 1-3 heavy chains ( Table 2) . Two of these clones retained human chromosome 14 and no other human chromosomes (Fig. 4) . Expression of human a heavy chains in a few hybrids between GM1056 IgA-producing human lymphoblastoid cells and P3x63Ag8 cells (Table 2 ) was also associated with the presence of human chromosome 14 (Table 2 ) and thus these results are also compatible with the hypothesis that the genes for human ,g, y, and a heavy chains are syntenic and are located on human chromosome 14.
In order to prove conclusively that the genes for human heavy chains are located on this human chromosome, we have subcloned six independent hybrid clones that were producing '% \\Xv ft'* 6' FIG. 4 . Metaphase chromosomes of a P3x63Ag8-GM1500 hybrid clone containing human chromosome 14 and no other human chromosome as determined by isozyme analysis is stained by the G11 banding method. Human chromosome 14 is the only human chromosome present in the hybrid (arrow).
human ,u chain, and have studied the subclones for the production of human ,u chain and the expression of human isozyme markers. As shown in Table 3 , human chromosome 14 was the only human chromosome consistently present in all hybrid subelones producing human ,u chain. Because only one subelone was found that had lost human chromosome 14 (this clone also lost the expression of human A chain), three independent subclones derived from three different clones were subcloned and chains, we conclude that this human chromosome carries the genes for human heavy chains. These results disagree with those reported by Smith and Hirschhorn (5), because no correlation was found between the expression of human heavy chain genes and the retention of human chromosome 6. Lack of expression of human heavy chains by 11 out of 26 independent hybrids and 4 out of 27 hybrid subclones that retained human chromosome 14 is not surprising because recombination between the genes for the antibody variable and constant region seems to occur on only one of the two homologous chromosomes in antibody-producing cells (22) , and thus these hybrids may have retained the human chromosome that carries the embryonal nonrearranged immunoglobin constant and variable heavy chain genes, and not the homologous rearranged chromosome. The only possible alternative explanation of the results presented in this study is that the genes for immunoglobulin heavy chains are not chromosomal. If this is the case, presence of human chromosome 14 would be, however, necessary for the phenotypic expression of the genes. Further clarification of these possibilities may be achieved when the DNA probes specific for the variable and constant regions of the different human immunoglobulin heavy chains are available.
